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(57)Abstract: 

PROBLEM TO BE SOLVED: To easily produce a large- 
diameter, highly pure silicon single crystal wafer by providing a 
single crystal rod with a resistivity controlled by neutron 
irradiation in an area for element, providing a polycrystal 
through CVD method in an area for handling around the single 
crystal rod, and by forming a concentric double circular layer 
thereby. 

SOLUTION: The head and bottom parts of a single crystal are 
cut off and removed, and their periphery is shaped, and then it 
is cut into cylindrical block, resulting in a silicon single crystal 
rod 10 whose resistivity is controlled in the area for element 
through neutron irradiation. A single crystal layer or a 
polycrystal silicon layer 1 1 is piled up around the rod 10. It is 
cut into wafers, and they are ground and cleaned to obtain a 
silicon semiconductor substrate 12, so that the concentric 
central area thereof is formed of an NTD high-quality single 
crystal 13 and the peripheral area thereof is formed of double 
circular layer of CVD single crystal or polycrystal 14. Thus, a 
large-diameter highly pure silicon single crystal wafer can be 
produced easily. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the silicon crystalline which is a silicon crystalline for semiconductor devices and is 
characterized by the field for handling of the single crystal with which the field used as a component had 
resistivity controlled by neutron irradiation, and the circumference consisting of concentric circle-like 
duplex stratum circulare tunicae muscularis ventriculi of the single crystal by the CVD method, or 
polycrystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the silicon single crystal object used for a semiconductor 

device, especially a mass semiconductor device like a thyristor. 

[0002] 

[Description of the Prior Art] In recent years, enlargement of an equipment facility of electric-power- 
system link or stabilization is needed with increase of domestic power requirements. The 300-600 MW 
frequency converter FC (Frequency Converter) and the converter HVDC for direct current power 
transmission (HighVoltage Direct Current) are conventionally used by small capacity link with a network 
terminal. On a new trend, the frequency converters FC including the 2000-3000 MW converter HVDC for 
direct current power transmission, the DC interconnection facility BTB (Back To Back), and large- 
capacity-izing of the reactive power compensator SVC (Static Var Conpensator) are indispensable at the 
mass link in a trunk transmission power system. In these power converters, the semiconductor device of 
100 - numbers is partly connected and used for ******. For a raise in reliance by reduction of the 
components mark of a power converter, or miniaturization and efficient-izing, large-capacity-izing and loss 
reduction of a semiconductor device are indispensable. 

[0003] The conventional mass semiconductor device is formed by the small, almost circular semiconductor 
device (pellet) the 1 surroundings from it using the circular silicon single crystal semi-conductor substrate 
(wafer). One semiconductor device for [ withstand voltage ] mass semiconductor devices several kA or 
more in several kV and current capacity is made from one semi-conductor substrate. 
[0004] Large-capacity-izing of a semiconductor device, and in order to enlarge especially current capacity, 
it is effective to enlarge a semiconductor device as much as possible (large-area-izing), and, for that 
purpose, the semi-conductor substrate of a large area is needed. 

[0005] On the other hand, the semi-conductor substrate for manufacturing the semiconductor device of 
high pressure-proofing having highly uniform resistivity and crystallinity are excellent, and it is required 
that impurity contents, such as oxygen and carbon, should be low and heavy metal should be a high grade, 
of course. For this reason, it creates by the zone melting (floating zone method: Floating ZonerFZ) from 
which the crystal of a high grade is obtained, without using a crucible etc., and in single crystal 
manufacture of silicon, in order to adjust resistivity to a precision after that, the neutron was irradiated at 
the reactor, and silicon was changed into Lynn according to the nuclear reaction, and it has doped (Neutron 
Transmutaion DopingiNTD). 

[0006] in addition — the thing about this kind of crystal manufacture — for example, JP,50-81473,A and 
Takao Abe work "silicon crystal growth and wafer processing" — the neutron irradiation dopingiradiation 
and industry 64th of Baifukan, and the radiation processing and silicon of (May, 1994) Tatsuo Ito and a 
Masato Toda:semi-conductor — it is explained to No. p. 19-23 (December, 1994) etc. at the detail. 
[0007] 

[Problem(s) to be Solved by the Invention] For development of a mass semiconductor device, the following 
are required. 

[0008] (1) a characterization facility and analysis technique of the process unit which processes the 
engineering of the diameter high-purity-silicon single crystal wafer of macrostomia as a material, and (2) 
mass semiconductor device, and the diameter wafer of (3) macrostomia to homogeneity and a process 
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technique, the packaging tec^^ie of the diameter pellet of (4) macros JBl, (5) high voltages, and a high 
current - although a large majority is realizable by the escape of the present technique among these, a 
difficult thing is manufacture of the diameter silicon single crystal wafer of macrostomia. Even if the 
history of large-capacity-izing of an old silicon semiconductor device is called history of high-grade-izing 
of a silicon single crystal, and diameter [ of macrostomia ]-izing, it is not an overstatement, and — the 
present condition — NTD — although high grade highly precise doping by law became possible to the 
diameter of about 6 inches, this is a limit because of constraint of equipment and a facility (exposure 
aperture of a reactor). There are many thermal neutrons which are useful to doping of silicon at nuclear 
transformation, although the heavy water reactor (output class of 5-20 MW) with few fast neutrons which 
cause an exposure defect is suitable, the heavy water reactor which can be irradiated in current inside is to 
the diameter of 158mm, and it is not economically easy to enlarge the exposure hole. 

[0009] On the other hand, in the field of LSI, the silicon wafer with a diameter of 8 inches is used regularly, 
examination of the process unit and technique for diameter 12 inches is also advanced, and the process unit 
which processes the diameter wafer of macrostomia to homogeneity, and a process technique can be 
applied also to the process of a mass semiconductor device. 

[0010] The purpose of this invention is to manufacture comparatively simply the diameter high-purity- 
silicon single crystal wafer of macrostomia. 
[0011] 

[Means for Solving the Problem] The above-mentioned purpose is attained by the following means. 
[0012] (1) Make a single crystal layer or a polycrystal layer deposit on the perimeter of the high definition 
NTD semi-conductor single crystal rod of the cylindrical shape produced by the conventional approach. 
Then, it is processed in the shape of a wafer. 

[0013] (2) Carry out the usual semi-conductor manufacture process using the semi-conductor substrate 
wafer of the above-mentioned double stratum-circulare-tunicae-muscularis-ventriculi structure. At this 
time, a semiconductor device is formed using the whole surface of a high-definition crystalline region, and 
handling of a wafer uses the single crystal layer or polycrystal layer field made to deposit on a perimeter. 
[0014] (3) Pelletize the above-mentioned wafer, remove the single crystal layer or polycrystal layer of the 
perimeter of a wafer, and process an end face. 

[0015] Thereby, the whole surface of a high definition single crystal can be used, and it becomes possible 
to manufacture a mass semiconductor device. If a mass semiconductor device is developed, reduction of 
components mark will be achieved and a miniaturization, a raise in reliance, low-loss-izing, and large 
capacity-ization of the power converter using it will be attained. 
[0016] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained to a detail using a 
drawing. 

[0017] Example 1 drawin g 1 shows the production process of the mass semiconductor device by this 
invention. 

[0018] Drawing 1 (a) is the silicon single crystal rod 10. A process floating zone method (FZ method), the 
diameter of about 160mm, the crystal growth direction <1 1 1>, and resistivity are 4500 or more ohm-cm. 
After carrying out cutting removal of the shoulder (head) and taele (tail) of this single crystal, operating a 
perimeter orthopedically and considering as the diameter of 156** 1mm, it cuts to a cylindrical shape block 
with a die length of about 650mm. Then, the neutron was irradiated with the heavy water reactor, while 
neutron irradiation rotates a silicon block for equalization - neutron beam flux density 1 .5x1013 n/cm2 and 
s — irradiation time 65min it is . It rinsed after radioactivity cooling, it annealed in 1200 degrees C and lh 
oxygen air current after residual radioactivity inspection, and the exposure damage was removed. 
Resistivity is 340 - 390 ohm-cm. 

[0019] Drawing 1 (b) shows the condition of having made the single crystal layer or the polycrystalline 
silicon layer 1 1 depositing on the perimeter of the above-mentioned silicon single crystal rod. Thickness is 
20-25mm by the hydrogen reduction of trichlorosilane (SiHC13) as well as a deposit of the polycrystal rod 
with which a single crystal layer or the polycrystalline silicon layer 1 1 serves as a raw material of an FZ 
method. At this time, since the silicon single crystal rod 10 of a substrate is a single crystal, it may grow 
epitaxially, and a single crystal layer may deposit. Itis [ single-crystal-] easy toize the perimeter which 
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touched especially the silicoJ^^le crystal rod 10. However, at the follSBig processes, it is not a special 
problem whether this deposit 1 1 is a single crystal layer or it is a polycrystal layer. 
[0020] Cutting drawing,! (c) to a wafer, periphery grinding and after carrying out notch processing, 
(slicing) drawing J. (d) shows further the cross section of mechanical polishing (wrapping), beveling 
(beveling), and the silicon semi-conductor substrate 12 that chemical-mechanical-ground (polishing), 
washed and was completed, this silicon semi-conductor substrate 12 - the diameter of 165**0.5mm, and 
thickness of 1 ,250mm it is - the field of the NTD high definition single crystal 13 and a perimeter of the 
field based on-like [ concentric circle ] is the double stratum-circulare-tunicae-muscularis-ventriculi 
structure of a CVD single crystal or polycrystal 14. This process is the same as that of the usual wafer 
production process. 

[0021] Drawin gJ, (e) shows the pellet 15 for mass thyristors created using the above-mentioned silicon 
semi-conductor substrate 12. Use process techniques, such as the almost same oxidization as usual, ion 
implantation, diffusion, phot lithography, metal vacuum evaporationo, and passivation, form 4 layer 
structures and the electrode of pnpn, it is pelletized and end- face processed after that, and the magnitude is 
150mm in diameter. The light sensing portion is installed in the pellet as a trigger method of a thyristor for 
the optical trigger method by the infrared emitting diode. By using a large area substrate, the degree of 
freedom of arrangement of a light sensing portion or a gate pattern can be obtained, the flare rate of the 
turn-on of a thyristor can be brought forward, and a flare field can be spread. 

[0022] Drawing 1 (f) shows the condition of having set to the pressure- welding mold package 17 with the 
optical fiber 16 made from a quartz. 

[0023] Consequently, 550kA of surge on-state current of the forward direction and the hard flow proof 
pressure of 6kV or more, the current capacity (mean on-state current) of 6.6kA, and one pulse, maximum 
ON-state-voltage 2.1V, and more than rise-rate-of-critical-on-state-current (di/dt) 350 A/mu s were 
checked. 

[0024] In addition, when a silicon wafer with a conventional diameter of 150mm is used, the diameter of a 
pellet is a maximum of about 136mm, and current capacity is to a maximum of 5.6kA with component 
structure equivalent to the above. 

[0025] The 672 above-mentioned optical trigger thyristors are required for manufacture of the 2000 MW 
DC interconnection facility BTB. The conventional withstand voltage of 6kV on the other hand, and 
current capacity of 5.6kA With the component of a class, about 800 pieces are required and about 15% of 
size miniaturization of a power converter and 9% of loss reduction have been attained. Moreover, high 
reliance-ization by components mark reduction is expectable. 

[0026] Example 2 drawing 2 (a) and (b) show the top view and sectional view of a pellet 20 for mass gate 
turn-off thyristors by this invention. It manufactures using the large area silicon substrate of the same NTD 
high definition single crystal 21 as drawing 1 , a CVD single crystal or polycrystal 22, and a double 
stratum-circulare-tunicae-musciilaris-ventriculi mold. 4 layer structures and the electrode of pnpn were 
formed with process techniques, such as the almost same oxidization as usual, ion implantation, diffusion, 
phot lithography, metal vacuum evaporationo, and passivation. The magnitude of a component is 1 50mm 
in diameter. Then, packaging was carried out to the pressure-welding mold. 

[0027] This gate turn-off thyristor arranges about 12,000 detailed units (die length of 1.8mm, width of face 
of 0.16mm) in the shape of [ multiplex ] a ring. By using a large area substrate, the degree of freedom of 
arrangement of a gate pattern is obtained, and equalization of actuation in the turn-on of a thyristor and the 
pellet of a turn-off (between units) can be attained. Consequently, the forward direction proof pressure of 
8kV or more, the good control current capacity of 8kA, maximum ON-state-voltage 4.2V, and 40 
microseconds of turn-off times were checked. 

[0028] The self-excitation type power converter (FC, BTB) of 300MVA class can be assembled using the 
384 above-mentioned gate turn-off thyristors. On the other hand, with the conventional withstand voltage 
of 6kV, and the component of a current capacity the class of 6kA, about 560 pieces are required and can 
contribute to high reliance-ization by the size miniaturization of a power converter, loss reduction, and 
components mark reduction. 

[0029] In the above-mentioned example, although 1 wafer 1 pellet with a diameter of 1 50mm or more was 
explained, also when manufacturing two or more round shape pellets of 10mm of diameter numbers, and 
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square shape pellets from on^^fer, it can apply. Drawing 3 (a) and (b)4^v the condition in the case of 
starting two or more pellets from one wafer. A leeway is given in pellet size, the degree of freedom of not 
only large-capacity-izing but a pattern design is secured, and high performance-ization and low-cost-izing 
are also possible. 
[0030] 

[Effect of the Invention] According to this invention, the semiconductor device (pellet) of a large area using 
the semi-conductor substrate of a large area and it can be created easily, and large capacity-ization of a 
semiconductor device can be attained. 

[0031] Moreover, by obtaining the semi-conductor substrate of a large area, a degree of freedom becomes 
large at the pattern design of a semiconductor device, and an improvement of a component property can be 
aimed at. 

[0032] Furthermore, the miniaturization of the power converter which uses much this, a raise in reliance, 
and efficient-ization are attained by the ability creating a mass semiconductor device. 



[Translation done.] 
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[Drawing 2] 
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